N)  Ho.^ — 

BOtflltCOI^  AOA056123 


DELET-TR-78-5 


ELECTROCHEMICAL  REDUCTION  OFTHIONYL  CHLORIDE 
IN  SOLUTIONS  CONTAINING  LITHIUM  TETRACHLOROALUMINATE 


Wishvender  K.  Behl 

Electronics  Technology  & Devices  Laboratory 


February  1978 


DISTRIBUTION  STATEMENT 

A^Qroved  tor  public  release; 
distribution  unlimited. 


ERADCOM 

us  ARMY  ELECTRONICS  RESEARCH  & DEVELOPMENT  COMMAND  1 

FORT  MONMOUTH,  NB«  JERSEY  07703  N 


D D C 


[n\f?ffDf?nn/7(?r 

JUL  12  19m 

Jlk®EinrE. 

1/ 

B 

r 


</ 


NOTICES 


/ 


Discloimm 

The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position,  unless  so  desig- 
nated by  other  authorized  documents. 

The  citation  of  trade  names  and  names  of  manufacturers  in 
this  report  is  not  to  be  construed  as  official  Government 
indorsement  or  approval  of  commercial  products  or  services 
referenced  herein. 


Disposition  . 

Destroy  this  report  when  it  is  no  longer  needed.  Do  not  , 

return  it  to  the  originator.  { 


t 


I 


i 


LMM  I j.vi  it^rjciac 


REPORT  DOCUMENTATION  PAGE 


tfpo^.iaTTtnjj 


DELET-TR-78-5 


Q I JOiBCTROCHMOUitjaiWCTIOH  OP  ^ONYL  / 
^ y ^HLORIDB  IN  ^OLO^IONS  filMrCAIMINO  / 

TFTBACHLOROAUnaNATB  . / 

?.  AOTMORf*;  * 

j ^ I Wishvender  K»^  Behl  j 

*.  PERFOmilNa  ORGANIZATION  NAME  AND  AODMESS 

US  Amy  ELeetronlcs  Technology  and 
Devices  Laboratory  (ERADCOM) 

ATIR:  DELET-PR 

Fort  Maaaonth.  Hev  Jersey  07703 

M.  CONTROLLINO  OFFICE  NAME  AND  AOOneSS 

lUSS 

ATTN:  DBI£T-PR 

Fort  Monaouth,  Hew  Jersey  07703 


RBAD  INSTin/CnCMfS 
BEFORB  COHPLETIMO  FORM 


RECIFlENT'S  catalog  NUMBER 


RERFORMING  ORG.  RERORT  NUMBER 


t._coNTiieui  uii  uiiiin 


a 


AlONiroRING  AOENCV  NAME  A AODRESV«  dIHatmtl  hem  Conttelllng  Olllct)  IS.  SECURITY  CLASS,  (ol  thim  rapon; 

UNCLASSIFIED 


I*.  DISTRIBUTION  STATEMENT  (ol  Ui<«  Raparl) 

Approved  for  public  release; 
distribution  unlimited. 


MT.  OISTHIBUTION  STATEMENT  (of  Ih#  •6«(r«c(  •nf#r#<f  In  Block  70,  It  dttforont  from  Roport) 


hi.  SU^^LCMENTANY  NOTES 


tf.  KEY  WONOS  (Conllnuo  on  roworoo  oldm  it  ttocmooorr  cmd  Idontity  try  block  numbor) 

Cell  Remetlons  Solvent  Reduction 

Cyclic  Voltammetry  Thionyl  Chloride 

Glassy  Gallon  Nieroelectrodas 
Lithium  Deposition 

Lithium  Tetrmehloroaluainate 

10.  ABSTifACT  (Conftmio  m roombo  oido  1/  nocooomry  md  tdontfty  by  bfocA  mimbvf) 

^^Ttae  dectrochemical  reduction  of  thionyl  chloride  in  0,3,  1.0,  and  l.$ 
molar  LiAlCl^-SOCl^  solutions  was  studied  at  glMsy  carbon  mieroeleetrodes 
using  the  technique  of  cyclic  voltmmetry.  It  is  shown  that  the  reduction 
of  thionyl  chloride  in  these  solutions  occurs  irreversibly  and  leads  to  the 
deposition  of  sparingly  soluble  lithium  chloride  on  the  electrode  surface. 
The  peak  heights  for  the  reduction  of  thionyl  chloride  increased  linearly 
with  the  square  root  of  voltage  scan  rate  and  at  a fixed  scan  rate,  the  peak 
heights  were  found  to  be  independent  of  the  electrolyte  concentration. 


DD  « jAlTn  1473  ^TION  OF  I NOV  It  OBtOLETB 


n 1473  TION  OF  I NOV  I 

69  P' 


UNCLASSIFIED  ^ 

CkuRI'H'  CLAMIFICATION  OF  THIS  PAGE  fBIlwl  OMA  EnlMPrf) 


DISCUSSION  OF  RSSULIS 


CONCLUSIONS 


FIGURE 


1*  Cyclic  VoltflBnBograms  at  Glassy  Carbon  ELeetrodea 
in  ISilonyl  Chloride  Solutions.. 


TABLES 


1.  Peak  Current  Data  for  the  Reduction  of  lAiionyl 
Chloride  in  0.5^  1*0,  and  l.^M  Solutions  


2.  Peak  (Ep)  and  Half-Peak  Potential  Data  for 

the  Reduction  of  Thlonyl  Chloride  In  0,5,  l-O, 
and  l.^N  Solutions 


-mm'  Jr 

Iss.  cf 

53 1 


‘78  06  22  09  4 


T 


ELMCTROCBOaCAL  RXSUCTIOH  OF  TSZOIRL  CHLORIIS 
IH  SOLlfFICHS  CCMTAINIIC  LITHIUM  TKERACHLOROALUKDiAXB 


XHTROSUCnON 

Solutions  of  lithium  tstrachloroalumlmite  (LlAlClj.)  In  thlonyl  chloride 
have  been  recently  employed  as  electrolytes  for  high  energy  density  lithium 
battery  systcns.^i^  In  these  battery  applications,  thlonyl  chloride  serves 
the  dual  role  of  an  electrolyte  carrier  as  veil  as  an  active  cathodic 
depolarizer  because  of  Its  ability  to  undergo  electrochemical  reduction. 

In  the  present  studies,  the  electrocheadcal  reduction  of  thlonyl  chloride 
In  0.5,  1.0,  and  I.3  molar  LIAICI4-SOCI2  solutions  vas  examined  at  glassy 
• carbon  microeleetrodes  using  the  technique  of  cyclic  voltammetry. 

Thlonyl  chloride^  like  other  oxychloride  solvents,  lonlses^^  as: 

S0Cl2^=^  SOCl"^  + Cl"  (1) 

Covalent  metal  chlorides,  such  as  aluminum  chloride,  are  highly  soluble^ 
In  thlonyl  chloride  and  behave  as  Levis  acids  because  of  their  tendency  to 
form  complex  Ions, 

AlCl^  + SOClg  SOCl"*^  + AlClj^“  (2) 

Lithium  chloride,  on  the  other  hand,  is  only  slightly  soluble^  in  thionyl 
Chloride  but  really  dissolves  to  neutralize  acidic  AlCl^  * solutions, 

leSe  , 


LiCl  ♦ SOCl*  V ■=^  Li’*’  + SOClg  (3) 

Solutions  of  lithium  tetrachloroaluminate  are,  hovever,  not  strictly  neutral 
frcm  the  standpoint  of  chloroacidity  but,  analogous  to  LICIO]^  and  ULBCl^ 
solutions^’ ^ In  phosphorous  oxychloride,  vould  behave  as  veak  chloroacid 
through  Its  LI'*'  ions  and  as  veak  chlorobase  through  its  AICI4  ions. 


^.K.  Behl,  J.A.  Christopulos,  M.  Ramirez  and  S.  Gilman,  J.  klectro- 
chem.  Soc.,  I619  (197^)» 

^J.J.  AUbom,  K.V.  French,  S.I.  Llebeman,  V.K.  Shah  and  A.  Heller, 

J.  Electrochem.  Soc.,  120,  I613  (197^). 

Sv.Qutmann,  Coordination  Chemistry  in  Hon-Aqueous  Solutions,  Nev  York: 
j®rlnger-Verlai7'l955T 

**V.(}utmann,  Hhlogen  Chestistry,  Yol.  II.  London-Hev  York:  Academic 
Press,  1965* 

^.Gutmann,  ibid. 

^.Gutmann,  Ibid. 

Ij.  Devynck,  Ann.  Chlm.,  7,  321  (1972), 

°W.K.  Behl,  J.  ELectroanai.  Chem.,  70,  213  (1976). 
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EXPERIMENTAL  PROCEDURE 


•V  . ■ 


The  preparation  and  purification  of  thlonyl  chloride  and  lithiu-Ti  tetra- 
chloroalumlnate  have  been  described  in  detail  elsewhere.^  Briefly  stated, 
thlonyl  chloride  was  refluxed  over  lithium  and  distilled.  Lithium  tetra- 
chloroalumlnate  was  prepeu:«d  by  melting  an  equimolar  mixture  of  anhydrous 
lithium  chloride  (Fisher  Scientific)  and  aluminum  chloride  (Fl\ika,  AC)  in 
a flowing  atmosphere  of  hydrogen  chloride  gas.  "nie  treatment  with  hydrogen 
chloride  gas  was  followed  by  bubbling  chloride  gas  for  £-3  hours.  Tbe 
excess  of  hydrogen  chloride  gas  and  chlorine  gas  was  removed  by  bubbling 
argon  and  the  molten  mixture  solidified  by  gradual  cooling.  Lithium  tetra- 
chloroalximlnate,  so  obtained,  was  stored  in  a dry  argon  atmosphere. 

A three  electrode  system  was  used  for  all  cyclic  voltammetrlc  experi- 
ments. A 0.38  mm  thick  lithitan  ribbon  (Foote  Mineral  Company)  pressed  onto 
a nickel  screen  was  used  as  the  reference  electrode;  this  electrode  was 
contained  in  a 10  mm  diameter  pyrex  tube  with  a fritted  glass  bottom.  A 
cylindrical  platinum  screen  (3-18  x 3.18  an;  52  mesh)  electrode  was  used  as 
the  counter  electrode.  The  indicator  electrode  consisted  of  a 3. 18  mm 
diameter  glassy  carbon  electrode  (Beckwith  Carbon  Company)  heat  sealed  in  a 
shrinkable  Teflon  tubing  and  the  end  ground  flush  with  the  seal  so  as  to 
expose  the  cross  section  of  the  rod.  Ihe  Indicator  electrodes  were  polished 
to  a mirror  finish  using  0.3/xm  size  powdered  alumina. 

The  cyclic  voltammetrlc  scans  were  performed  with  a Tacussel  Model  PIT 
20-2A  potentlostat  coupled  with  a Tacussel  GSTP-2A  function  generator.  The 
current  flowing  through  the  ceil  was  measured  across  a precision  resistor 
in  the  counter  electrode  circuit.  The  i-E  curves  were  recorded  on  a 
Moseley  XY  Recorder  (Model  7000A).  All  experiments  were  performed  inside 
a Dry-Train,  Dry-Lab  (Vacuum  Atmosphere  Corporation)  in  a pure  dried  argon 
atmosphere. 

To  obtain  reproducible  voltammograms , it  was  necessary  to  clean  the 
indicator  electrode  after  each  scan.  This  was  accomplished^^  by  dipping 
the  electrode  in  an  acidic  1.5M  AiCl^  - S0Ci2  solution  followed  by  washing 
with  thlonyl  chloride  and  carbon  tetrachloride.  The  electrode  was  then 
wiped  clean  with  a Klmwlpe  tissue  paper.  The  electrode  could  *U.so  be 
regenerated,  in  situ,  by  electrogenerating  chlorine  at  the  indicator  elec- 
trode at  a potential  of  U.S*  volts  for  2-3  minutes.  The  dissolved  chlorine 
in  the  solution  was  removed  by  bubbling  argon  gas  before  taking  the  next 
voltammogram. 

EXPERIMENTAL  RESULTS 

A typical  cyclic  voltammogram  obtained  in  a 1.5M  LiAlClj^  - SOClp 
solution  by  scanning  the  electrode  from  3»b  t<''  0.6  V at  a scan  rate  ol' 


All  potentials  are  reported  with  respect  to  the  lithium  reference  electrode. 


g 

'W.K.  Behl,  et  al.,  op.  clt..  p.  1 

^J.A.  Christopulos  and  S.  Gilman.  Record  of  the  10th  Intersociety 
Energy  Conversion  Engineering  Conference,  p.  ^37,  August  197‘). 
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0.1  v/s  Is  shown  in  Figure  1.  The  voltammogrem  shows  a large  reduction  peak 
(peak  I)  beginning  at  3.I  V followed  by  two  almost  indiscernible  reduction 
peaks  (peak  II  and  111)  at  ~ I.67  V and  1.33  V,  respectively,  before  a 
rapid  increase  in  cathodic  current  is  observed  at  1.0  V due  to  the  derposltlon 
of  lithium  metal.  On  reversing  the  direction  of  polarisation  at  0.6  V,  two 
small  anodic  peaks  (peak  IV  and  V)  are  observed  at  ~ 1.0  V and  2.6  V, 

respectively.  !nie  anodic  peak  III  is  not  observed  If  the  direction  of 
polarisation  is  reversed  at  potentials  positive  to  the  lithium  deposition 
potential.  Thus,  the  anodic  peak  III  may  be  ascribed  to  the  dissolution  of 
the  deposited  lithivmi  metal. 

The  reduction  peaks  I - III  may  be  regarded  due  to  the  electrochemical 
reduction  of  thlonyl  chloride.  It  is  seen  from  the  cyclic  voltammograms 
« present  in  Figure  1 that  while  a corresponding  anodic  peak  (peak  V)  is 

observed  for  reduction  peaks  II  and  III.  no  corresponding  anodic  peak  is 
observed  for  reduction  peak  I. 

At  the  end  of  reduction  peak  I,  the  glassy  carbon  microelectrode  was 
foiind  to  be  passivated  due  to  the  deposition  of  a thin  film  of  an  Insoluble 
F substance.  Tlius,  any  successive  voltansograms  obtained  on  the  same  electrode 

I resulted  in  a large  decrease  in  the  petUc  heights  for  reduction  peak  I.  To 

obtain  reproducible  voltammograms.  it  was  necessary  to  remove  the  passivating 
film  after  each  scan  as  described  in  the  Experimental  Procedure  Section. 

In  order  to  determine  the  nature  of  the  passivating  film  formed  on  the 
microelectrode,  a platinum  foil  was  substituted  as  the  indicator  electrode 
and  its  potential  held  at  2.5  V for  about  ten  hours.  The  platinum  foil 
was  then  removed  and  washed  with  thlonyl  chloride  and  carbon  tetrachloride 
and  subjected  to  an  Electron  Microprobe  Analysis.  From  this  analysis,  it 
was  concluded  that  the  pcMsivating  film  consists  solely  of  lithium  chloride. 

In  0.5  and  1.0  molar  LiAiClj^  - SOCI2  solutions,  the  cyclic  voltammograms 
were  Identioal  to  those  obtained  in  the  1.5  molar  solution.  Thus,  at  a fixed 
scan  rate,  the  peak  heights  for  the  different  peaks  (Figure  1)  were  of  the 
same  oilier  of  magnitude  in  each  of  the  three  concentrations  studied.  At  all 
eoneentrations,  the  peak  height  for  reduction  peak  I increased  with 
Increasing  scan  rate.  The  peak  height  data  as  a function  of  scan  rate  in 
0.5,  1.0,  and  1.5  molar  solutions  are  summarised  in  Table  1. 

At  all  concentrations,  the  peak  and  half -peak  potentials  (Bp  and  ) 
shifted  towards  more  cathodic  potentials  with  increasing  scan  rate.  ^ 

The  peak  and  half -peak  potential  data  as  a function  of  scan  rate  are 
presented  in  Table  2. 

DISCUSSION  OF  RESULTS 

The  electrochemical  reduction  of  thlonyl  chloride  was  first  studied 
by  et  al.^  It  was  reported  by  these  workers  that  the  cathodic 


Spandau,  A.  Beyer  and  F.  Prcugschat,  Z.  Anorg.  Allgaa.  Chen., 

306,  13  (i960). 
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Table  1.  Peak  Current  Data  for  the  Reduction  of  Thlonyl  Chloride  in 
0.5,  1.0,  and  1.5M  Solutions 


1.5M  LlAlCl.-SOCl.,  l.OM  l.iAlCl , -S0C1_  0.5M  LlAlCl.-SOCl. 

4 J ^ Z 4 2 


0.003 

0.066 

1.20 

0.070 

1.27 

• 

- 

0.0035 

- 

- 

- 

- 

0.072 

1.29 

0.005 

0.072 

1.17 

0.0)1 

1.25 

- 

- 

0.006 

- 

- 

- 

- 

0.096 

1.26 

0.000 

0.099 

1.11 

0.110 

1.23 

- 

- 

0.009 

- 

- 

- 

- 

0.120 

1.30 

0.011 

- 

- 

0.122 

1.16 

- 

- 

0.012 

. 

> 

. 

0.121 

1.12 

0.017 

0.145 

1.12 

0.153 

1.18 

0.147 

1.13 

0.045 

0.265 

1.25 

0.250 

1.18 

0.248 

i.17 

0.074 

0.305 

1.12 

0.340 

1.25 

0.311 

1.14 

0.108 

0.365 

1.11 

0.41 

1.25 

0.382 

1.16 

0.167 

0.40 

0.98 

0.52 

1.27 

- 

- 

0.20 

- 

- 

- 

- 

0.47 

1.07 

0.333 

0,64 

1.11 

- 

- 

0.40 

- 

- 

0.775 

i.23 

0.67 

l.Ot) 

0.50 

0.90 

1.27 

- 

- 

- 

* 

0.67 

« 

> 

0.960 

1.17 

0.85 

1.04 

1.0 

1.23 

1.23 

1.275 

1.28 

1.01 

1.01 

2.0 

1.60 

1.13 

1.50 

l.ot) 

- 

- 

4.0 

2.5 

1.25 

2.40 

1.20 

- 

10 

3-6 

1.20 

4.05 

1.28 

- 

- 

20 

5.0 

1.12 

4.90 

1.10 

• 

Mean  1 

‘'S  '■ 

- 

1.16 

- 

1.21 

• 

1.15 

Tab  lo 


Peak  (K  ) and  Halt-l'eak  (K  ) PotiMUlal*  Data  for  the  Reduction 
D D« 

of  Thlonyl  Chloride  in  0.5,  1.0,  and  K5M  Solutions 


1.5M  1 

LIAICI,- 

7* 

SOCl., 

l.OM 

LIAICI, 

4 

-.30C1,, 

0.3M 

LIAICI, 

4 

-SOCl^ 

Scan  Kate 
(volt^5/sec . ) 

E 

E 

E -E 

E 

E 

E -E 

E 

E 

E -E 

D 

P l\ 

P 

P l\ 

P 

P P\^ 

0.001 

2.  SI 

2,91 

-0.10 

2.81 

2.92 

-O.n 

•• 

O.OOIS 

- 

- 

- 

- 

- 

- 

2.81 

2.93 

-0.12 

0.003 

2.80 

2.91 

-0.11 

2.80 

2.91 

-0.11 

- 

- 

- 

O.OOo 

- 

- 

- 

- 

- 

2.80 

2.92 

-0.12 

O.OOS 

2.79 

2 . 90 

-o.n 

2.77 

2.89 

-0.12 

- 

- 

- 

0,00^) 

- 

- 

- 

- 

- 

- 

2.78 

2.91 

-0.13 

O.Ol  1 

- 

- 

- 

2.75 

2 . 88 

-0.13 

- 

- 

- 

o.oi: 

- 

- 

- 

- 

- 

- 

2.78 

2.91 

-0.11 

0.017 

2.77 

2 . 88 

-0.11 

2.71 

2.86 

-0.11 

2.76 

2.90 

-0.14 

O.OAS 

2.71 

2.86 

-0.11 

2.70 

2.84 

-0.14 

2.72 

2.87 

-0.15 

0.07.'* 

2,o8 

O Q ■' 

«.  • O «> 

-0.14 

2.67 

2.81 

-0.16 

2.68 

2.84 

-0.16 

0.  lOS 

2.63 

2.80 

-0.13 

2.63 

, o \ 

-0.17 

2.66 

2.84 

-0.18 

0.  Ib7 

2.61 

2.79 

-0.16 

2.60 

2.78 

-0.18 

- 

- ' 

- 

o.:o 

- 

- 

- 

- 

- 

- 

2.60 

2.79 

-0.19 

0.111 

2.60 

2.7  7 

-0.17 

- 

- 

- 

- 

- 

- 

0.7*0 

- 

- 

- 

2.39 

2.79 

-0.20 

2.39 

2.76 

-0.17 

0.  30 

2. 3o 

2.7.3 

-0.19 

- 

- 

- 

- 

- 

- 

0.o7 

- 

- 

- 

2 . 34 

2.7  3 

-0.21 

2.49 

2.73 

-0.24 

l.O 

2.7*7 

2 . 69 

-0.22 

2 . 30 

2.74 

-0.24 

2.41 

2,70 

-0.27 

0 

2.7*2 

2.67 

-0.23 

2.43 

2.71 

-0.26 

- 

- 

- 

•* . 0 

2.12 

2.63 

-0.11 

2.12 

2.63 

-0.31 

- 

- 

- 

10 

2.20 

2 . 60 

-0.40 

2.10 

2 . 30 

-0.40 

- 

- 

- 

:o 

2.03 

2.  SI 

-0.48 

1.92 

2.40 

-0.48 

- 

- 

- 

* Volta  Versua  l.lthlum  Rotort'nco 
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products,  obtalnsd  by  the  electrolysis  of  0.l4  moi&r  NHCl  - SOCl^ 

solution,  were  te^}erature  dependent.  Hovever,  at  teaiperatures  above  O'C, 
the  cathodic  products  predominantly  consisted  of  SO2.  CI2,  and  S2CI2.  In 
LIAICI4  - S0C^2  solutions,  the  cathodic  reduction  products  are  somewhat 
different  than  those  obtained  in  (CoHc,)  NHCl  - SOCl^  solutions. 

Thus,  from  a study  of  the  discharged  lithium-thionyl  chloride  cells  of 
the  type 

LI/LIAICI4  - SOCIt  / Carbon  Black 

Aubom.  et  al.  ‘ concluded  that  the  cathodic  reduction  products  consisted  of 
lithium  chloride,  lithium  sulfite,  and  sulfur  and  proposed  the  following 
cell  reaction 

6 Li  4 1 S<X'l, — Lid  ♦ + 2 (1*) 


On  the  other  haiwl,  Driscoll,  et  al.  reported  that  the  reaction  products 
in  the  discharged  lithium-thionyl  chloride  cells  mainly  consist  of  lithium 
chloride,  sulfur,  and  sulfur  dioxide  and  proposed  the  following  cell 
reaction 


4 U ♦ 2 SOCI2 


4 LlCl  ♦ 


Both  sulfur  and  sulfUr  dloxl,le  were  found  to  be  soluble  in  LlAlClj.  - SOCI2 
solutions,  whereas  lithium  chloride,  being  Insoluble,  precipitated 
exclusively  in  the  carbon  elect  rMes.  These  workers  fiurther  reported  that 
for  each  eq^ii valent  of  charge  passed,  one  equivalent  of  LiCl  is  produced  in 
the  discharged  carbon  cathodes.  This  obseirvation  is  consistent  only  with 
the  cell  reaction  represented  by  Equation  (b).  A cell,  reaction  identical  to 
Equation  (5)  was  also  proposed  by  Dey  and  i'chlaikjer.^^ 

Since  the  passivating  film  on  the  nUcroeiectrodes  in  the  present  studies 
was  also  found  to  consist  of  lithium  chloride  only,  it  is  reasonable  to 
assume  that  the  cathodic  reduction  products  are  identical  to  those  found  by 
Orlacoll,  et  al.^^  The  electrochemical  reduction  of  thionyl  chloride  may, 
therefore,  be  represented  by  the  equation 


2 SOClo 


4 \A* 


4 LiCl 


♦ SCo 


Since  no  anodic  peak  is  obseirred  corresponding  to  the  reduction  peak  I, 
it  is  apparent  that  tne  reduction  of  SOClj  in  HAICI4  - SOCI3  solutions  does 
not  occur  reversibly.  Thus,  the  peak  and  half-peak  potentials  (Table  2)  for 
reduction  peak  I are  not  Independent  of  scan  rate  but  instead  shift  to  less 
positive  potentials  with  increasing  scan  rate.  The  difference  between  the 
peak  and  half-peeUi  potentials  is  also  much  greater  tiian  that  expected^^ 

— 
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I'OI-  the*  r?>veraibi^  process  ieadiiv  to  the  deposition  o:  mi  insoluble  sub- 
stmice.  Tiie  peak  heights  for  reduction  peak  1 Incre'ase  vith  increasing 
scan  rate  and  i (peak  helJiht)  versus  V'=  (square  root  ot  voltage  scan  rate' 
plots  result  In^straight  lines  passing  throU(?h  the  origin.  Tiius,  the  1„ 
value.s  presented  in  'Pabie  i are  constant  within  experime;;i.al  error  over 
the  wide  range  of  scan  rates  lYom  ^ mV  s to  20  Vs.  It  is  also  evident  from 
the  data  presented  In  Table  1 that  the  peak  helglits  lor  t he  reduct  ion  of 
thlonyl  chloride  (peak  I)  are  independent  of  electrolyte  concentration. 

The  mean  ip  values  in  L.-*,  1.0,  and  O.s  moLaj-  LiAiClh-OOCi  , solutions 
were,  respectively,  found  to  he  1.1b,  1.21.  and  i.i'i  mA(voIts'5“'^.  From  the 
data  presented  in  Tables  1 and  2,  it  should  be  possible  to  detemine  the 
kinetic  paraaeters  of  the  charge  transfer  process  for  the  reduction  of 
tiiionyl  chloride.  However,  since  the  deposition  of  lithium  cliloride  on  t^e 
glassy  carbon  microelectrodes  introduces  iR  effects  wiilch  are  similar^^' 
to  kinetic  effects,  it  would  be  erroneous  to  determine  the  kinetic  parameters 
without  adequate  IK  compensation.^' 

nie  other  reduction  peaks  (peaks  II  and  III)  in  Figure  i may  either  be 
due  to  the  subsequent  reduction  of  suiftir  and  or  suliiir  liio-xlde  or  may  be 

simply  due  to  some  iniierent  iaqiurltios  in  the  solutions.  2lnce  an  anodic 

peak  V),  corresponding  to  the  reduction  peaks  II  and  III.  la  observed 

in  the  cyclic  voltaawograms . It  Is  evident  that  the  reduction  product 
obtainevi  at  potentials  negative  to  peaks  TI  and  TIT  con  be  reoxidlted  at 
more  positive  potentials. 

Ci'^NCLlfSlONR 

TSie  results  of  the  present  study  have  showT\  that  the  electrochemical 
reduction  of  thlonyl  chloride  in  LiAlCllj-StX!!l2  solvitions  occurs  irreversibly 
and  may  be  represented  by  the  reaction: 

2 SOCl^  ♦ U id  Ue  ► U lid  + 2'  + 20., 

Roth  sulfur  aiul  sullXu:  dioxide  are  soluble  in  the  solutions  while 
lithium  chloride  is  only  sparingly  soluble  and  precipitates  on  the  electrode 
surface  emd  causes  its  passivation.  It  was  also  shown  that  the  passivating 
film  can  be  either  remove<.i  by  washing  the  electro<.ie  In  acidic  AlOl  .-2^x;i.> 
solution  or  by  electrogeneratiiv?  chlorine.  In  situ,  .at  the  electrode  surface. 
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